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Description 



Background of the Invention 
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^ ^egraebHe polymere are useful in many medical applications, especially drug delivery devices. Many of the bio- 
degradable polymers used are of the thermoplastic type. Polymers made of thermoplastic resins typically liquify or sof- 
ten at elevated temperatures and resolidify upon cooling. This type of polymer is generally formed into the desired 

TTVZ "I 5 35 SU ? reS ' SUr9,Cal dipSl Stap,es ' implante - and the like - P rior to into the body. Once inserted 

into the body, these polymers retain their shape. 

d^HH^HS! l^S "H*" 9 fe 9enera " y incor P° ra » ed *» polymeric composition and formed into the 

2T2 tl°f 6 ^ imP ' ant iS then typica,,y inserted into *» *** of a human - animal, bid. an^ 
to. to through an ,nc,s,on Alternatively, small discrete particles composed of these polymers can be injected into the 
body by a synnge. Preferably, however, certain of these polymers can be injected via syringe as a liquid polymlric^m 

U S ^^7^^°^!°^ 38 biode 9 radab,e cor *°"^ ^ase drug delivery systems are described in 
US. Patent No 4.938.763. .ssued to Dunn et ah These compositions are administered to the body in a Oquid state or 
afternatvely. as a solution typical* via syringe. Once in the body the composition coagulates or cuL into' lot. On* 
mIS^k T* 00 C ? nS,S,S 01 3 TOnreactive thermoplastic polymer or copolymer dissolved in a water-mis- 
cible solvent This polymenc solution is placed into the body where the polymer congeals or precipitatively solidifii 
upon the dissipation or diffusion of the solvent into the surrounding body tissues 

The presence of a plasticizer within a sustained release composition is known to advance or speed up the release 

mmaSt ^ ^ re ' eaSe PC,ymer - Kho " n P ' aStici2erS have been used to e "^ nce divery^ 

£SL , ♦ therapeutic systems For example. K. Juni et al.. Chem. Pharm m 33, 1609 (1985) disclose 

LISLo r 6 ° f h b,e0m ^ n L rom *™ microspheres is greatly enhanced bye incorporating CaS 

^rospheres. U S. Patent No. 4.127.127. issued to Wong et al.. discloses systems made from films S 
ZZTZ^STT ^ZT*^* P^'Wene terephthalate thatfocorporate plasticizers to 
dS^ r J ^! SySt6m - ^ te /"' nSOluble *** P ,as1ici2ers are used to "soften" the copolyester and cause its 
t^^SSln""^ * enhandn9 ^ diffUSi ° n ° f n0ni ° nic dru9S - W ater-so.uble plasticizers are used 
so ^ZeTa^ m ' CrOPOrOUS ^ ' eaChin9 S,0Wly fr ° m the 10 ^ * e ^nposition more 

nmJTbf? 4X474 discloses 9 composition composed of lactide and glycofide. propoylene. carbonate and a druq 

2 o J^ mP f *• ^ indUdeS 9 "** ^ 9'ycot. which is used to improve processing tectide 

and glycolide copolymers that have limited pliability. e 

.hp V ^° U f h ' iqUid 1° ,ymeriC SyStSmS 35 described bv Dunn et * have P rov en to be beneficial in many respects 
m£Z T 6 C °f 01 ° f r !' eaSe ratS - especia " y contro1 such that ra te Slower. Consequence 

or hlt^™?" a " °, bjeCl ° f 1116 PrSSenl inVenti0n 10 provide an im P roved imposition comprising a biodegradable 
?™™ J? \ ^ T 35 ^ imP ' anf i0 819 ^ 01 a huroan " a* ,ish - Anothe/objecl is to prSe an 
t^S^ZSTTZ adiffusional *"■>«* deliverv «*m that can be administered to an implant S S 
Shrl mother object .s to prov.de an improved polymeric composition that forms a solid matrix in situ 
T ^ ^ releaSe ° f 3 medicament ™ a desired period of time. A further objecTis to 
SIS? Tk ^'T" 0 com P° s ' rtion that can form in situ a biodegradable solid or gelatinous drug Xve£ 

t~s™ 
Summary of the Invention 

The thermoplastic polymer system suitable as a controlled release implant, comprises: 

Iffl^lsZr** b - y ***** b6tWeen a " aqueous medium or ™ d and a liquid composition 
2iSSTTT^! 'f C ( f ab,e - biode 9radable thermoplastic polymer that is insiuble in water or bodyflS 
triiSTc d TtT^ ^ a9ent SeleC,al fr ° m ttle ^ U P ^ing of an ester of a mono- oTor 

eSS^ite^ df0Xy ^ ^ 3 ,atty a ° d ' a" aster of glycerol, a stero.. and a higher a.kyl alcohol; and 
bTcSv^Sn 9 " J ^ PC i ypr0py,ene 9,yco1 and comprising up to about 1 5% of the system by weight a 
b,olog.cally act.ve compound and a biocompatible organic solvent that is miscible or dispersible in water or body 
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fluids. 



The system displays control of the rate and extent of released the bioactive agent from the matrix. As used herein 
the term -biologically active material" or "bioactive material" means a drug, medicament, or some other substance 
5 capable of producing an effect on a body, e.g., a mammal. 

The inventive liquid, composition suitable for formation of a controlled release implant for use in a patient com- 
prises: 

a) a pharmaceutically acceptable, biodegradable thermoplastic polymer that is insoluble in water or body fluids; 
10 b) an organic solvent that is misaTale or dispereible in water or body fluids; 

c) a pharmaceutically acceptable rate rnodifying agent selected from the group consisting of an ester of a mono- 
di- or tricarboxylic acid, a polyhydroxy alcohol, a fatty acid, an ester of glycerol, a sterol, and a higher alkyf alcohol' 
and excluding polyethylene glycol and polypropylene glycol; and 

d) a biologically active material. 

The polymer system is formed by applying the liquid composition to an aqueous medium that is internal (body flu- 
ids) or external to the body. After application, the liquid composition coagulates to form the polymer system. Adminis- 
tration of the fiquid composition directly into the body forms in situ the polymer system. External addition of the fiquid 
composition to an aqueous liquid forms the polymer system outside the body. The solid implantable polymer system 
zo can then be surgically placed into the body. In all embodiments and applications, the polymer system is substantially 
insoluble in aqueous media. 

The process by which the polymer system is formed in part is responsible for development of the rate and release 
control. Interaction of the liquid composition with an aqueous medium either in sftu in Ihe body or external to the body 
to coagulate the composition into the polymer system at least in part causes the desired controlled release profile as a 
25 function of the vanation of the below-mentioned parameters and components. Simple combination of these compo- 
nents without passage through the liquid composition will not develop the controlled release prof ne of this invention 

When the liquid composition is added to the aqueous medium, the organic solvent diffuses into the surrounding 
medium (body fluids or an external water medium) and the polymer coagulales to form the solid matrix (polymer sys- 
tem). The more or less simultaneous diffusion and coagulation produce the microporous structure of the matrix that in 
part is believed to be a factor in the establishment of the desired control of rate and extent of release Under certain 
conditrons of the invention, the structure exhibits a core with large pores of diameters from about 10 to 500 microns and 
a relatively nonporous skin. The skin in this preferred embodiment actually has extremely fine pores of 0 01 to 0 1 
microns in diameter. ' 

Although it is not important for some uses, when the composition is placed in the body, the resulting polymer sys- 
tem adopts the shape of the cavity, pocket or intercellular space into which the composition is placed. When the polymer 
system is formed outs.de the body it can be molded or adapted into substantially the appropriate shape of the cavitv or 
other space of the body into which it is being fitted. - 

Pursuant to the parameters and conditions of the invention, the polymer system can control the sustained release 
of biologically active materials in yjyo. In particular, the rate and extent of release of the biologically active material from 
the polymer system of the invention are controlled over a range of speeds and amounts. This control is accomplished 
by vanation of: (a) the polymer type and molecular weight (b) the rate modifying agent, (c) the concentration of the pol- 
ymer, (d) concentration of the biologically active material, (e) the form of the biologically active material, and (f) the con- 
centration and kinds of other additives present, if any. within the polymer system. Preferably, the rate and extent of 
release of bioactive material from the polymer system according to the invention can be controlled by varying- (1) the 
type and molecular weight of the polymer or polymers. (2) the concentration of a suitable rate modifying agent, or a mix- 
ture of rate rnodify.ng agents and/or (3) the concentration of the polymer. More preferably, the control is accomplished 
by varymg the molecular weight of the polymer and/or the concentration of the rate modifying agent present. Most pref- 
erably, the control is accomplished by varying both the molecular weight of the polymer and the concentration of the rate 
modifying agent In preferred embodiments, the rate of release increases as polymer molecular weight increases and 
independent of the polymer molecular weight, the rate of release increases as the concentration of the plasticizer 

OGCrGHSBS. 

The method of the invention is based upon the therapeutic effect of the in silu controDed release of the bioactive 
material from the polymer system. The implantation of the liquid composition or implantation of the polymer system pre- 
formed as described above can generally occur anywhere within the body of a patient in need of therapeutic treatment 
Examples include soft tissue such as muscle or fat; hard tissue such as bone; or a cavity or pocket such as the perio- 
dontal, oral, vaginal, rectal, nasal, or the cuWe-sac of the eye. The composition can be administered to the implant site 
by any suitable method for applying a liquid, as for example, by means of a syringe, needle, cannula or catheter The 
polymer system preformed as an implant can be inserted by known surgical techniques. 
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Detailed Des cription of the Invention 



p^iSS^SJs: a ^K£^ for "r con,ro,led de,ivery 01 materia,s - a — 

present invention b SagZusTth^ ^* ^S^T^S.'*'' 8 ^ ^ SyStem ° f ^ 

the rate at which it is released in ^ W ^ 

copolymer in combination with a suftaUe sZ5 « £ ^S5£T2 "J? T"" 3 ,nerm °P ,astic or 
the body of the matrix, are substantially iSkS Xi2£2^ . 9 ?f * " *** *«n 

The insolubiHty of the matrix [vZtES P"*" 1 * mentally completely insoluble, in water and body fluids 

The polymers o SJSSS aS areSSn^l^^^? ? C ° n1r °" ed retease <* bioactiva ™terial. 
e.g.. mammal. Th.ffi2S^ 

the patient without the rSKJS^SSSiE ^1T£1™ 2 ^ maWx 50 ^ * Can be b * 
biocompatible, the ^^pro^^^^^l^T 159 2 ^ < om P° sition a ^ system are 

tissue irritation or necrosis at the t£E j/" 5 ^ 6 of the P 0 '*™ W» «*» the body do not cause substantial 

medium to form an implantable 5^2^ ?" ^ 66 ^^'^ with *" aqueous 

body. ^ ^ ■ 6 ^'a^able Polymer system is then inserted surgically into the 

Thermoplastic Poly mpj- 

of appropriate thermoplastic polymers include o^L^ !S , , L ° r by the acbon 01 f luids - Examples 
mides. pofyurethane* polyeS IS^J^^'^"*** polycaprolactones. potyanhydrides. polya- 
polyorthocamonates. pojphospharenes ^ p0,yacetate - polycarbonates. 

alMenesucrinates^a™^ polyhydroxyvalerates. polyalkylene oxalates. poly- 

als. noaaas ^ and copolymers, terpolymers. or combinations or mixtures of the above materi- 

duce little, if an, tissue irritation. ^aTn TSSS?^ eXCe " en! «*» on « H ^ ™* ^ 

lactic, glycofic. and hydroxycapmic acid " ,heSe P °' ymerS produce 

polycaprolactones can also kw^JSSS^S; IS? ™ tabo,, | 2ed ^ *• ««* ™ e polylactides and 
Depending on the desired softn^t ~ VSTTt enhance the resulting polymer's degradation 

of deg5dation%^elS S e ^ a£ ^ 13,6 ^ ^ ° f bi0aCtive ma,erial release - — 

for a relatively soft and flex^Vpo^sSjT^^ °Z , * deSired resu,t - For sample, 

tone copolymers. The n^^SSTJSlSSSS !? 3 T ? be USed " primari * the 'actide/caproL: 
« increases with an increasing £2? ol ESJSSSSS^"" °" S° * ^ l ° ^ ^ diffustoili, K *** 
increases in the series as caproSne ^ f.acTe > of "™°<"ers 

tofaSchTsc^^ 

sequently. the molecular weightand the 3 J£2X t" 9 ^ ^ ^ of * e P 0 '^- 

« cibility.aswellasadesiredrelease^^ 

are those having so^^ZZs^t^^7 "5 * Purred thermoplastic polymers 

solubHity in wate'r. and h&SSK o^nic LS 9 " * CrySta ' feation - 3 low ^ - hydrogen bonding 

» eitherahomogenoussolutionofthetoa^maSS^ b,0aCt,Ve ^ and ^ chosen - 

material in the soVent results. In either case ZttS^ST^ solvent or a suspens.cn or dispersion of the bioactive 

Upon placement of the .iouid ca^S^S me 5 * ^ h thG SO,Vent - 

andthep.ymerwniso.ifytoZthepor;^ 

55 Organic Solvents 
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at the site of the injection and implantation. The solvent is water-miscible so that it will quickly disperse from the poly- 
meric composition into the aqueous medium such as body fluids. Concomitant with the dispersion of solvent the ther- 
moplastic polymer coagulates into the solid polymer system. As the thermoplastic polymer coagulates, the solvent 
dispersion causes pore formation within the polymer system. As a result the liquid composition containing thermoplas- 
tic polymer, solvent, rate modifying agent and bioacfive substance alone will form a porous solid polymer system. 

Suitable solvents include those liquid organic compounds meeting the foregoing criteria. Examples include but are 
not limited to, N-melhyl-2-pyrrolidone (NMP); 2-pyrroBdone (2-pyrol); Cj-Ce alkanols; 2-ethoxyethanol; alkyl esters such 
as 2-ethoxyethyl acetate, methyl acetate, ethyl acetate, propylene carbonate, ethyl lactate; ethylene glycol dimethyl 
ether; propylene glycol; alkyl ketones such as acetone, methyl ethyl ketone; dimelhylformamide; dimethyl sulfoxide- 
dimethyl sultone; tetrahydrofuran; cyclic alkyl amides such as caprolactam; decylmethyl sulfoxide; oleic arid; N N-dime^ 
thyl-m-toluamide; and 1-dodecylazacycloheptan-2-one. The preferred solvents are N-methyl-2-pyrrolidone '2-pyrro- 
lidone. dimethyl sulfoxide, propylene carbonate and ethyl lactate due. at least in part, to their solvating abilrty'and their 
biocompatibility. 

The solvents for the thermoplastic polymer liquid compositions of the present invention are chosen for compatibility 
and appropriate solubility of the polymer and solvent Lower molecular weight thermoplastic polymers will normally dis- 
solve more readily m the solvents than high molecular weight polymers. As a result the concentration of a thermoplastic 
polymer dissolved in the various solvents differs depending upon type of polymer and its molecular weight. Conversely, 
the hgher molecular weight thermoplastic polymers will tend to coagulate or solidify faster than the very low molecular 
weight thermoplastic polymers. Moreover, the higher molecular weight polymers tend to give higher solution viscosities 
than the low molecular weight materials; Thus for advantageous injection efficiency, in addition to advantageous 
release rate, the molecular weight and the concentration of the polymer in the solvent are controlled. 

A solvent mixture can be used to increase the coagulation rate of thermoplastic polymers that exhibit a slow coag- 
ulation or setting rate. In such a system one component of the mixture is typically a good solvent for fhe thermoplastic 
polymer, and the other component is a poorer solvent or a nonsotverit The two liquids are mixed at a ratio such that the 
thermoplastic polymer is still soluble, but precipitates with the slightest increase in the amount of nonsolverrt. such as 
water in a physiological environment By necessity, the solvent system must be miscible with both the thermoplastic pol- 
ymer and water. An example of such binary solvent system is the use of NMP and ethanol for low molecular weight DL- 
^ addition of ethanol to the NMP/polymer solution increases its coagulation rate significantly. 

30 Polymer Molecular Weight 

ft has been discovered that the molecular weight of the polymer used in the present invention distinctly affects the 
rate of bioactive material release as long as the liquid composition has been used as an. intermediate. Under these con- 
ditions, as the molecular weight of the polymer increases, the rate of bioactive material release from the system 
decreases, passes through a minimum, and then increases again. This phenomenon can be advantageously used in 
the formulation of systems for the controlled release of various bioactive materials. For relatively quick release of a bic* 
active material, polymer molecular weight on either side of the minimum for that particular polymer can be chosen to 
prcv.de the desired release rate. For release of a bioactive material over a relatively long period of time, a polymer 
molecular weight in the vicinity of the minimum for the particular polymer can be chosen. 

Prior to the present invention, it was known that for most, if not all. polymers, the higher the molecular weight of a 
polymeric composrtion. the slower the rate of bioactive material release. This was believed to be a result of chain entan- 
glements in the higher molecular weight polymer, which were believed to sfow down the diffusion of drug molecules 
through the polymer matrix. In contrast, it has been surprisingly discovered that for polymer matrices formed through 
intermedracy of the liquid composition of the invention.the release rate of a bioactive substance follows a "tr shaped 
curve as the molecular weight of the polymer increases. Accordingly, a polymer system can be produced with an opti- 
mum polymer molecular weight range for the release of bioactive substances over a selected length of time 

For the polymer system of the present invention, the typical minimum rate of release of the incorporated bioactive 
matenal occurs at an inherent viscosity (I.V. in deciliters/gm) of about 0.2 dl/g but can. vary depending on the particular 
^nente of the composition. For most systems it is preferred to adjust the molecular weight of the polymer to at least 
about 0.2 dl/g (15.000 molecular weight as determined by gel permeation chromatography in comparison to polysty- 
rene) for a more sustained release of the bioactive material. Typically, acceptable sustained release rates are obtained 
if the molecular weight is below about 0.8 dl/g (100.000 molecular weight). More preferably, the molecular weight is 
adjusted to be within a range of about 0.2-0.5 dl/g. for effective sustained release. For a poly(DL-lactide) or a lactide- 
co-glycohde system, as discussed below, the desired molecular weight range is about 0.24.5 dl/g if a molecular weight 
of a specific polymer is chosen from these parameters and the release of the bioactive substance is too slow or too fast 
the rate car, be varied simply by determining a few experimental points along the U curve for that polymer and adjusting 
the molecular weight accordingly. s 

The molecular weight of a polymer can be varied by any of a variety of methods. The choice of method is typically 
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determined by the type of polymer composition. For example, if a thermoplastic polymer is used that is biodegradable 
by hydrolysis, the molecular weight can be varied by controlled hydrolysis, such as in a steam autoclave. Typically, the 
degree of polymerization can be controlled, for example, by varying the number and type of reactive groups and the 
reaction times. 

Rate Modifying Agents 

It has been discovered that under the conditions of the invention, rate modifying agents provide significantly 
improved control to the sustained release character of the polymer system of the present invention. The combination of 
a rate modifying agent and matrix polymer as influenced by the interaction of the liquid composition with an aqueous 
medium according to the present invention has the surprising effect of retarding the release of the bioactive material 
This effect contrasts with the knowledge and belief in the art Under typical, known circumstances, which do not result 
from the interaction of the liquid composition and an aqueous medium use of a rate modifying agent within a sustained 
release matnx w,ll only increase the rate of release of the pharmaceutical compounds within the matrix Thus, under 
most known circumstances. H is difficult if not impossible, to slow down or retard the release of a medicament from an 
implant 

As practiced according to the present invention, the use of a rate modifying agent in the polymer system of the 
present invention can be adapted to cause a decrease in the range of multiple orders of magnitude (e.g.. 1 to 10 to 100) 
preferably up to a ten-fold decrease, in the release rate of the bioactive material relative to that of the same polymer 
matnx wrthout the rate modifying agent For example, naltrexone and doxycycline are substantially completely released 
from a polymer matrix of poly(DL-lactide) within about two to three days in vitro. With the addition of a rate modifying 
agent (e.g.. ethyl heptanoate) and formation of the polymer system through interaction Of the liquid composition and an 
aqueous medium, the release rate can be slowed to produce substantially complete release of the drug within about 
seven days With the use of a greater amount of rate modifying agent according to the invention, the period of time can 
be increased to about fourteen days. By appropriate choice of the polymer molecular weight in optional combination 
(i.e.. from none to significant proportions) with the rate modifying agent the rate and extent of bioactive material release 
tram the polymer system can be varied from very fast to very slow. 

Rale modifying agents useful in the invention are typically mrscibie with the polymer. That is. the rate modifying 
agent and polymer are chosen for a particular composition such that the intermolecular forces of each are similar Rate 
modifying agents can be either water-soluble or water-insoluble. Preferably, they are water-insoluble, i.e.. immiscible 
The specrfc rate modifying agent chosen for a polymer system is preferably more hydrophobic than the organic solvent 
of choice for that polymer system. It is also preferably a high boiling liquid. . 

Although it is not intended to be a limitation of the invention, it is believed the rate modifying agent affects the 
release rate of the polymer system of the present invention by causing the formation of a heretofore unknown distinctive 
macromolecular structure within the skin and core of the implant as the implant is formed. The distinctive structure is 
wZf >k 7 d ° w ^ cross - di «^ion of bioactive material and body fluid. It is believed to be absent from implants 
1 JT ,f r°^ n9 39ent ° r th0Se containin 9 ^e modifying agent but which are not prepared through the 
immediacy of the liquid composition: Irrespective of the mechanism of action, the effect controls the release charac- 
teristics of the polymer system of the invention. 

It? m ^ dif) l!? 9 , a9en ! ° h0Sen typiCally impartS 10 an im P |art a 9' ass transition temperature (Tg) of less than 
Sand^ 

The rate modifying agents used in the present invention are pharmaceutical^ acceptable. Typically, the rate modi- 
fiers are organic compounds that substitute as the complementary molecules for secondary valence bonding that typi- 
cally occurs between polymer molecules. Such compounds increase the flexibility and ability of the polymer molecules 
to slide past each other. The chemical formulas of such compounds will exhibit hydrophobic and hydrophilic regions so 
as to effect secondary valence bonding. Such organic compounds are often characterized as "plasticizers". However 
typical piasters are not the only compounds that function as rate modifying agents in the polymer system of the 
present invention to control tt,e rate of release of a bioactive material. Other useful rate modifying agents indude fatty^ 
ac.ds.tr.glycerdes. other hydrophobic compounds and some organic solvents 

.„^!?l m ° di l y i n 1 9 39entS Se,eCted fr ° m me 9roup consis1in 9 <* * mono-, dh and tricarboxylic acids 
dStS^tf ^ a,e> methyl aCetate> e,hyl acetate ' **** phtha,a1e - P™ 31 ^- dibutyl phthalate 

^ SUCanate - dimethy ' 0Xa,ate ' dimethyl ci,ra,e ' trieth y dtrate - tril >utyl citrate, acetyl tri* 
ItlETiSr? tnacetate ^?- b ^) sebecate ' a »° the like; polyhydroxy alcohols, sue? as propylene glycc^oly- 
ethylene glycol glycerin, sorbrtol. and the like; fatty acids; triesters of glycerol, such as triglycerides epoxidized 
soybean o,l. and other epoxidized vegetable oils; sterols, such as cholestero.;a.coho.s. such as C 6 -C 12 alSnote S 
ethoxyethanol. and the like and excluding polyethylene glycol and polypropylene glycol- 

Mixtures of rate modifying agents, such as glycerin/propylene glycol, sorbitol/glycerine. ethylene oxidefcropylene 
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oxide, and butylene glycol/adipic acid, can also be used in the polymer systems of the invention. 

The choice of rate modifying agent employed depends on the mixture of polymers and the solvent in the thermo- 
plastic system. Preferred rate modifying agents include dimethyl citrate, triethyl citrate, ethyl heptanoate. glycerin and 
hexanediol. 

The quantity of rate modifying agent in the system will vary depending on the release rate of the medicament 
desired. Typically, the rate modifying agent is present in an amount up to about 15%. preferably up to about 10% based 
upon the total weight of the system ' 

Polymer Concentration 

The concentration of the polymer in the system can also be varied to adjust the release rate of the incorporated 
b.oacbve matenaL ft has been discovered that the more dilute the polymer concentration, the more readily the bioactive 
material will be released. For example, in a system containing 5 percent flurbiprofen and a polymer concentration of 55 
percent poly(DL-lactide). a cumulative release of approximately 1 1 .4 percent at day T and 23 percent at day 7 is seen 
With a polymer concentration of 45 percent, the cumulative percent release at day 1 is 23 percent and about 40 percent 
at day 7. 

This effect can be used in combination with other methods to more effectively control the release of the incorpo- 
rated med.cament as desired. For example, by adjusting the concentration of the polymer, and bioactive material if 
desired, along wilh the control of the molecular weight and the amount of rate modifying agent a wide range of release 
zo rates can be obtained. «ec«>e 

Pore-Forming Agents 
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Other additives can be used to advantage in further controlling the desired release rate of a bioactive material for 
a particular treatment protocol. For example, if the thermoplastic polymer liquid composition is too impervious to water 
a pore-forming agent can be added to generate additional pores in the matrix Any biocompatible water-soluble material 
can be used as the pore-forming agent These agents can be either soluble in the liquid composition or simply dis- 
persed within it They are capable of dissolving, diffusing or dispersing out of both the coagulating polymer matrix and 
the formed polymer system whereupon pores and microporous channels are generated in the matrix and system The 
amount of pore-forming agent (and size of dispersed particles of such pore-forming agent, if appropriate) within the 
composition will directly affect the sire and number of the pores in the polymer system. 

Other factors can also influence the size and/or diameter of the pores formed in the polymer system For example 
the amount of organic solvent and the rate at which the polymer system solidifies, can all affect the porosity of the pol- 
ymer system. Although a generally microporous matrix without a resolved core and skin can be produced according*, 
the invention, typically, without an additional pore-forming agent a polymer system formed from the liquid composition 
is composed of a surface skin and inner core. The surface skin is typically less porous, and even relatively nonporous 
when compared to the inner core The inner core can contain pores with a diameter of about 10-1000 um With addi- 
tional pore-forming agent the pore sizes of the core and skin become substantially uniform such that they both have 
pores in the range of 1 0 to 1 000 um . 

* 1** co " cent ^ on <* pore-forming agent relative to thermoplastic polymer in the composition will vary according to 
the degree of pore-formation desired. Generally, this concentration will range from about 0.01 to 1 gram of pore-forming 
agent per gram of polymer. If the agent is soluble in the liquid composition, then the mixing or distribution of the agent 
in the liquid composrt.on and the aggregation when the thermoplastic coagulates will determine the size of the resultant 
pores as the agent dissolves out of the polymer matrix. 

Pore-forming agents include, any pharmaceutically acceptable organic or inorganic substance that is substantially 
m.scible in water and body fluids and will dissipate from the forming and formed matrix into aqueous medium or body 
flu.ds or water-immiscible substances that rapidly degrade to water-soluble substances. The pore-forming agent may 
be soluble or -nsoluble ,n the polymer liquid composition of the invention. In the liquid composition of the invention, ft is 

SlSTST P ^ TT 9 a9en1 iS miScible or *Wble in the organic solvent to form a uniform mixture. 

Surtable pore-forrnmg agente include, for example, sugars such as sucrose and dextrose, salts such as sodium chloride 
and sodium carbonate, and potymers such as hydroxylpropylcellulose. carboxymethylcellulose polyelhylene glycol 
and polyv.nylpyrrol.done. The size and extent of the pores can be varied over a wide range by changing the molecular 
weight and percentage of pore-forming agent incorporated into the polymer system. 

& Bioactive Materials 

The terms "drug.; "medicament." or "bioactive material" (i.e.. biologically active material) as used herein indude 
biologically, physiologically, or pharmacologically active substances that act locally or systemically in the human or ani- 
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mal body. Various forms of the medicaments or biologically active materials can be used which are capable of being 
released from the polymer matrix into adjacent tissues or fluids. The medicaments are at least very slightly water-solu- 
ble, preferably moderately water-soluble, and are diffusible through the polymeric composition. They can be acidic 
basic, or salts. They can be neutral molecules, polar molecules, or molecular complexes capable of hydrogen bonding' 
They can be in the form of ethers, esters, amides and the like, which are biologically activated when injected into the 
human or animal body. 

Generally, any drugs or bioactive materials that can be dissolved of dispersed in an aqueous environment can be 
ubhzed in the liquid composition and polymer system of the present invention. For example, the bioactive material can 
be a penicillin or cephalosporin antibiotic, a hormone such as ACTH. estrogen or testosterone, a protein such as a mon- 
ocfonal antibody or an essential human or animal enzyme, insulin or an insulin precursor, a vaccine or serum substance 
useful in the treatment of viral diseases, an activator or inhfortor of a specific enzyme, a releasing factor for a physiolog- 
ically active substance, or any other suitable substance. 

Representative drugs or bioaclive materials that can be used in the injectable sustained release compositions of 
the present invention include, but are not Dmited to. peptide drugs, protein drugs, such as enzymes, insulin, interleukin 
platelet anticoagulating agent, hormones, calcitonin, vasopressin, desensitizing agents, bronchodilating agents an* 
infective agents, antib.ot.es. antimicrobial agents. anB-allergenics. androgenic steroids, decongestants, hypnotics ster- 
oidal and nonsterodal anti-inflammatory agents, anticholinergics, sympathomimetics, sedatives, miotics, steroids cor- 
ticosteroids, regulatory agents, nephritic agents, psychic energizers. tranquilizers, vaccines, estrogens, progestational 
agerrts. humoral agents, prostaglandins, analgesics, antispasmodics, antimalarials, antihistamines, cardioactive 
agents, male and female birth control agents, tissue growth factors, antiparkinsonian agents, antihypertensive agents 
a-adrenergic blocking agents, nutritional agents, and alkaloid pharmaceutical agents 

The bioaclive material may also be a substance, or metabolic precursor thereof, which is capable of promoting 
growth and survival of cells and tissues, or augmenting the activity of functioning cells, as for example, blood cells neu- 
rons muscle, bone marrow, bone cells and tissues, and the like. For example, the bioactive material may be a nerve 
growth promoting substance, as tor example, a ganglioside. phosphatidylserine. a nerve growth factor, brain-derived 
neurotrophic factor, a fibroblast growth factor, and the like. In particular, the in sito implants are capable of enhancing 
regeneration of the periodontium by providing an outer surface having a porosity which serves as a physical barrier 
between an exposed root surface and encroaching epithelial cells to promote guided tissue regeneration 

To promote tissue growth, the biologically active material may be a tissue growth factor substance. Suitable tissue 
growth promoting , agents include, for example, fibronectin (FN), endothelial cell growth factor (ECGF). cementum 
attachment extracts (CAE), human growth hormone (HGH). a periodontal ligament cell growth factor, animal growth 

JZkTm < f ^Z*? (FGF)> P ' ate,et deriv6d SrOWth factor {PDGF >' e P idermal fa ct° r (EGF), protein 
growth factor, rterleuk.n-1 (IL-1). transforming growth factor (TGF-<x or TGF-p). insulin-like growth factor II IGF-ll, 

f r^! P ft r ro "*'" < HAT >- osteoinductive factor (OIF), bone morphogenetic protein (BMP) or protein derived there- 
from, demoralized I bone matnx. and releasing factors thereof. Further, the agent may be a bone growth promoting 
substance suchas hydroxyapatrte. tricalcium phosphate, a di- or polyphosphonic acid, an anti-estrogen, a sodium flut 
orrie preparation, a substance having a phosphate to calcium ratio similar to natural bone, and the tike. A bone growth 

SSKSi^Tr? S 6 ,0rm - 35 ^ eXamP ' e> ° f b ° ne bone ***** or mineral 1rac «° n s °f bone 
S^i h 5!l ^ h y* oxyapat,te - or ottier «**te form. The agent may further be capable of treating metabolic 
n^inn'^'S a * abnwma 'f' cium and phosphate metabolism, by for example, inhibiting bone resorption, pro- 
moting bone mineralization, or inhibiting calcification. 

vrnJ^ 6 "l 6 * 3 ' bS mfeCib,e in *• ^'^^^nttoprovideahomogenousn^xturewHhthepol- 

yme or insoluble in the polymer and/or solvent to form a suspension or dispersion with the polymer 

nn ° r r ti0 1 ° f P0,ymef 8X51601 fr ° m lk,Uid ^Position, the biologically active material becomes incor- 

porated into the polymer matrix. After implantation of the externally formed polymer system or insertion of the liquid 
composition to formmsdu toe polymer system, the bioactive material will be released from the matrix into the adjacent 
T™*l OT U ' dS ^f!! 0 " 3nd P ° ,ymer de 9 rada «°n mechanisms. Manipulation of these mechanisms also can inf lu- 
TL t J 5 °f V ! materia ' int ° ** ■"«"*'»■ at a controlled rate. For example, the polymer matrix 
can be formulated to degrade after an effective an/or substantia, amount of the bioactive material is released from toe 

S JJSvf;* KiT IT ! ,0W in W3ter ' as ,or exam P ,e a P^Ws or protein, typically requires toe 

degradation of a substantia part of toe polymer matrix to expose the material directly to the surrounding tissue fluids 

2S« ! , blol °9 ,ca,, y active ma1erial fr om the matrix can be varied by, for example, the solubility of the 

SETS ST - 5"' !" diStribUti ° n * ** b '° ac6ve ma,erial «» or the size shape, poros^ solu 

from th . e p 01 ™ ma,rix - among ^ factors - ™ e release of me bio, °9 ica "y 

from toe matnx « controlled relative to its intrinsic rate by varying the polymer molecular weight and by adding a rate 
modrf ying agent to provide a desired duration and rale of release, as described above 

The polymer system is formulaled to contain the bioactive material in an amount effective to provide a desired bio- 
logical. phys.olog.cal and/or therapeutic effect The "effective amount" of a biologically active material incorporated into 
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the injectable polymeric composition of the invention depends on a variety of factors, such as the desired release pro- 
file, the concentration of bioactive material required for a desired biological effect and the period of time over which the 
bioactive material needs to be released for desired treatment Ultimately, this amount is determined by the human or 
animal patient's physician or veterinarian, respectively, who wiO apply his experience and wisdom in prescribing the 
appropriate kind and amount of bioactive material to provide therapy for the patient. There is generally no critical upper 
limit on the amount of bioactive material incorporated into the polymer solution. The only limitation is a physical limita- 
tion for advantageous application, i.e.. the bioactive material should not be present in such a high concentration that the 
solution or dispersion viscosity is too high for injection. The lower limit of bioactive material incorporated into the poly- 
mer system typically depends only on the activity of the bioactive material and the period of time desired for treatment 
Administration of the liquid composition or the externally formed polymer system of the invention ultimately win be 
accomplished according to the wisdom and protocol of the patient's attending health care professional such as a phy- 
sician, or if appropriate, a dentist or DVM. Choice of the particular composition will depend upon the condition to be 
treated, which choice will be made by the attending health care professional. When the 'liquid composition is injected 
into soft tissue to provide a sustained release implant the resulting polymer system will both release the bioactive mate- 
nal and biodegrade as designed so that no residue remains. When the liquid composition is injected into a soft tissue 
defect and a suitable bioactive material for assisting in collagen formation is in the composition, the resulting polymer 
system fills the defect and provides a support structure upon which natural collagen tissue can grow. This collagen tis- 
sue gradually replaces the biodegradable polymer. With hard tissue such as bone, the biodegradable polymer contain- 
ing a bone growth factor supports the growth of new bone cells. These new bone cells eventually replace the degrading 

The following examples are set forth as representative specific and preferred embodiments of the present inven- 

tion. 
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EXAMPLE 1 

Effect of Rate Modifying Agent 

Formulations were prepared with poly(DL-lactide), A/-methylpyrroIidone. and naltrexone hydrochloride (3 0%) The 
formulations differed in the amount of ethyl heptanoate (rate modifying agent). Release was into pH 1Z phosphate buff- 
ered saline (PBS). The polymer formulation was precipitated into the PBS by expelling it from a 1 mL syringe The PBS 
solutions were placed in a 37°C shaker bath. At regular intervals the PBS solution was removed, and replaced with 
fresh PBS. The PBS solutions were analyzed by UV absorption at 285 nm to determine naltrexone hydrochloride con- 
centration. The cumulative percent released is tabulated in Table 1 . 



TABLE 1 



EFFECT OF RATE MODIFYING AGENT CON- 
TENT ON RELEASE OF NALTREXONE 
HYDROCHLORIDE . 


Day 


0% 


5% 


10% 


1 


71.3 


27.6 


5.7 


2 


85.2 


32.9 


10.0 


4 


96.4 


41.2 


.15.5 


7 


97.4 


44.6 


15.5 


10 


100.8 


49.2 


17.7 


17 


101.8 






20 




64.7 


33.6 



EXAMPLE 2 



55 



Effect of Rate Modifying Agent with Doxycycline Hyciate 

Formulations were prepared with poly(DL-lactide), A/-m ethyl -2-pyrrolidone. and 5% doxycycline hyciate. One for- 
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^SSST^ f ° ^ hePtan ° ate 35 3 ratG m0difyin9 a9ent and the other formulalion s ^ as a control with 
no ethyl heptanoate be.ng present. Release ot doxycycline from the formulations and analysis of th e release ra^vlre 



TABLE 2 



10 


Ehl-fcUT OF RATE MODIFYING AGENT 
CONTENT ON RELEASE OF DOXYCY- 
CLINE HYCLATE 




Day 


0% 


5% 




1 


23.2 




IS 


8 


64.0 


3.0 




23 


71.9 


6.3 



EXAMPLE 3 



20 



25 



30 



Effect of Molecular Weight w ith PotvfDL-lacttde-ctVQtYcolid^ 



t.on wrth the overall composrtion of 5% naltrexone free base; 47.5% PLG and 47 5% NMP. 

T* 0 pSr 1 ' 0 "^ S !!! dfC S ° f formu,ation ex P e "« 1 < «*> a 1 mL syringe into pH 7.4 phosphate buffered saline {PBSl 

STerir^rr 31 37 ° c j; ith a9iiafoa At regu,ar interva,s the "* « ^ szss^hS 



35 



<0 



55 



' TABLE 3 

EFFECT OF MOLECULAR WEIGHT ON RELEASE OF NAL- 





GLYCOL! DE) 


Day 


(Polymer I.V.) [dl/g] 




0.19 


0.35 


0.52 


0.61 


0.73 


1 


10.2 


7.6 


9.2 


27.5 


46.7 


2 


25.0 


10.9 


11.2 


33.3 


55.5 


4 


36.3 


16.2 


14.9 


39.9 


68.0 


7 


43.5 


. 26.5 


21.5 


45.0 


73.6 


10 


54.7 


34.6 


31.9 


56.4 


77.8 



so EXAMPLE 4 

Effect of Molecular Weight with Poly(DL-lactide) 



so^ wteeas ft. «SZSSX?V^, -r™" tan com™™, 

Example 1. except for the naloxone content be.ng determined by ultraviolet spectroscopy (UV) instead of 
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HPLC. Cumulative percent release data are presented in Table 4. 

TABLE 4 



EFFECT OF MOLECULAR WEIGHT ON 
RELEASE OF NALOXONE HYDROCHLORIDE 
FROM POLY(D L-LACTI D E) 



Hours 


(Polymer I.V.) [dl/g] 




0.11 


0.21 


0.33 


3 


72.6 


17.2 




29.6 


6 


76.9 


29.7 




40.0 


12 


80.4 


43.7 




52.6 


24 


86.9 


54.4 




69.7 


48 


98.6 


59.3 




82.4 


96 


101.3 


62.7 




90.5 



EXAMPLE 5 



Polymer Autoclaving 

Because poly(DL-lactide) is degradable by hydrolysis, lower molecular weight samples can be prepared by reactino 
auTcSSe ' ™** P °' ymer SamP ' e ^ ™ S iS 01051 <»™«™«y doneSa controlled manner 1 2 

3^0^?^ ^ er ^ orn \ is ^ thin 'V in * teflon-lined glass petri dish. The polymer is placed in a steam 
SSImLI | P , , 6 P ° , ^ er ' S a ' ,0Wed to remain in 1,16 autoclave determines the final molecular weight 
SldTom^ri T ^ ^ deCfei ° n ° n the am0U^, of time is ^-empirical at best . The polymeX 
removed from the autoclave, cooled and dried in vacuo. The dried polymer can be purified by dissolving it in meLene 
chlor.de. and precipitating the resulting solution in methanol usso.vtngnmmetnyiene 

ohv ^cTT^^T- T 10 -!^ m0,eCU ' ar Wei9ht 030 06 ^ gel permeation chromatogra- 

K y ' r£>nt V ' SCOSrty - 106 n,0n ° mer rati0 ran be determined by nuclear magnetic resonance 

Claims 

1. A liquid composition suitable for formation of a controlled release implant for use in a patient, comprising: 

b) an organic solvent that .s mrscible or dispersible in water or body fluids- 

c) a pharmaceutical^ acceptable rate modifying agent selected from the group consisting of an ester of a 

"Z '^uZ 7h C aCid ; 3 ^W 0 * alcoho1 . a «* a °d. an ester of glycerol, a sterol, and a higher 
alkyl alcohol; and excluding polyethylene glycol and polypropylene glycol- and 

d) a biologically active material. - . 

** soWel C ° mp0S * 0n aCCOrdin9 ,0 daim 1 - wherein «*» modifying agent is more hydrophobic than the organic 

3 " ?JS£f ^ aCCOrd L n9 !°, C ' aim 1 ' Wherein the ra!e mod ^ n 9 a 9 ent is selected I** Qroup consisting of ethyl 
heptanoate. glycerin, diethyl citrate, and triethyl citrate. ^ 

5 ' rti^f '""I aCCOrd ? 2 1 3 ™ 4> Wher6in the P 0 ^*" inherent viscos «)' is sel ^ from within a curve that cor- 
relates the release rate of the biologically active compound with inherent viscosity such mat the re.ease Se 
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6. 



7. 



15 



20 



decreases with increasi ng polymer inherent viscosity until a minimum release rate is obtained at a value of 0.2 dL/g 

S So ,t ntT 'T j T aSeS Wlth C0ntinU8d lnCf6aSe 0f the inherent viscosit * the of the 

plot being at 0.2 dl/g inherent viscosity. 

i^f 0n ! CC °? ng t0 daim 5 ' wherein ttie inher er« viscosity is selected to be greater than at least 0.2 dUg 
and a higher inherent viscosity provides a faster release rate. 

A composition according to claim 1 . wherein the polymer is selected from the group consisting of polylactides pol- 
yglycohdes. polycapro.actones. polyanbydrides. polyamides. polyurethanes. poFyesteramides. pofyorthoesters 
pojydioxanones polyacetals. polyketals. polycarbonates, pdyorthocarbonates. polyphosphazenes polyCdrS 

n^^l^T^^r 1 ^ 6 " 6 OXa,ateS ' ^^ene succinates. poTy(anJno adds . and^oS- 
mers. terpolymers, and combinations and mixtures thereof. 

8 ' tnn^T/^ 000 ^ 9 *° ^ 7 ' Wh6rein tnerm °P' asti c PO'^er is polylactide. polyglycolide. polycaprolac- 
tone. or a copolymer of any combination of lactide. glycolide or caprolactona 

9 - cc^:™^ 

10 ' ?H^T^ S,,i0n , a f 50rdin9 !° C ' aim 1 ' Wherel " the SOlvent is selected from * e 9 r °"P coning of N-methyl-2-pyrro- 
Tl^Z T^Z Cet °7 a f° add ' ^ ^ elhyl ,actate - acetate - I ethyl ketone. K 
S ^ dS ' dmethyl SUlfone> tetrahydrofuran. propylene caibonate. caprolactam 
SeJtrSS! • ■ N - N " die,h y | - m - to,uamida - 1-dodecy.azacyc.oheptan 2 one. and combinations aS 

1 1 ' r^T°^ n a T° fdi l 9 10 ? ,3im 1 ' Wh6rein thS SOlvert fe com P"sed of a solvent mixture of a first solvent which is 

£St? S^" P ymSr 3 SeCOnd ^ Which is 3 P°° r solvent ,or the P°'^ "« ^ and sec 
ond solvents being present in the solvent mixture at a ratio such that the polymer is soluble therein so thatTe rS- 
ymer ,s predated from the liquid composition upon contact with an aqueous medium or boSy fluid * 

12 " o? P r?pZe g^co^" 9 10 1 *" * 3 ^ " , the second is ^hanol 

1 3. A composition according to claim 1 , further comprising a pore forming substance. 

14. A thermoplastic polymer system suitable as a controlled release implant, comprising: 

L^ W J?T Or0U8 IT? f ° rmed by between an aqueous medium or fluid ^ a liquid compo- 

S JSSZT??* aCCeP ^ e - bi0de 9 radable thermoplastic polymer that is insoluble in vier Z y 
rl^- h^^T? acceptable rate modifying agggtsejected from the group consisting of an ester* a 
SfTS? aC ' d, . a P*** 5 ^*^^ an ester of glycerol, a sterol. and^Hgher 
S^ ^ 9 PO'yethylene glycol and polypropylene glycol comprising up to about 15% of the 

^ ' aCt,Ve COmP ° Und ^ 3 bi0Com P atib,e ^at is miscble in water 

^ ^^f^^^^^L^ of ,he rate ™»**B agent is effective to 

Decrease me release rate of the biologically active compound from the matrix. 

so 1 6 ' i^SSt^SS ££££ ****** **** ° f 1,16 Polymer b effete to 

JneSe late b-ologically active compound from the implant to a minimum and then to increase 

1 7 ' c^eTfra^r^f^ daim Ul WhSrein *• m ° ,eCUlar of *• thermoplastic polymer and the weight 
* a^Cu^he^frTx" 9 a9em ef,eCbVe ,0 **** ratS and ^ * ^ - » a «*A 

18 " Ji^oS^S?^ 10 1 , 4, . Whe : ein m " Mx C ° mpriSeS 3 COre and 5kin - 1,16 core ha -9 
between 10-500 microns in diameter and the skin has pores of 0.01-0.1 micron in diameter. 
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19. A polymer system according to claim 14, wherein the thermoplastic polymer is polylactide, polyglycoiide, polyc- 
aprolactpne, or a copolymer of any combination of lactide, glycolide or caprolactone. 

20. A polymer system according to claim 14, further comprising a pore forming substance. 

21. Liquid composition comprising a pharmaceutical^ acceptable, biodegradable thermoplastic polymer that is insolu- 
ble in water or body fluids a biocompatible organic solvent that is miscible or dispersible in water or body fluids a 
pharmaceutical^ acceptable rate modifying agent selected from the group consisting of an ester of a mono-; di- or 
tricarboxylic acid, a polyhydroxy alcohol, a fatty acid, an ester of glycerol, a sterol, and a higher alkyl alcohol and 
excluding polyethylene glycol and polypropylene glycol 

comprising up to about 1 5% of the system by weight and a biologically active compound for use as a biodegrada- 
ble, microporous sustained release implant in a body. 

22. The composition according to claim 21, wherein the concentration of the rate modifying agent is effective to 
decrease the release rate of the biologically active compound from the implant 

23. The composition according to claim 21 further including a pore forming substance. 
Patentanspruche 

1. Russige Zusammensetzung, die zur Bildung eines Impiantats mit regulierter Freisetzung zur Verwendung bei 
einem Patienten geeignet ist, umfassend: 

a) ein pharmazeutisch annehmbares, bioabbaubares, thermoplastisches Polymer, welches in Wasser oder 
Korperf lussigkeiten unloslich ist; 

b) ein organisches Lfisemittel, welches mit Wasser oder KOrperflussigkeiten rhischbar oder darin disperqierbar 
ist; 

c) ein pharmazeutisch annehmbares. die Rate modifizierendes Mrttel. ausgewahtt aus der einen Ester einer 
Mono-. Di-oderTricarbonsAure. einen Polyhydroxyalkohol. eine FettsSure. einen Ester von Grycerh. ein Sterol 
und einen hoheren Alkylalkohol umfassenden Gruppe; und ausschlieBend Polyethylenglycol und PolvDroDv- 
lenglycol; und 1 

d) ein biologisch aktives Material. 

2. Flussige Zusammensetzung gemaB Anspruch 1, wobei das die Rate modifizierende Mittel hydrophoberals das 
organische Losemittel ist 

3. Zusammensetzung gemaB Anspruch 1 . wobei das die Rate modifizierende Mittel aus der Ethylheptanoat. Glycerin 
Diethylcitrat und Triethyicrtrat umfassenden Gruppe gewahlt wird. 

4. Zusammensetzung gemaB Anspruch 1, wobei das Molekulargewicht des Polymeren dergestaK ist, daB es eine 
inharente Viskositat bzw. logarithmische Viskosrtatszahl unter etwa 0,8 dL7g besizt 



5. 



6. 



Zusammensetzung gemaB Anspruch 4, wobei die logarithmische VTskositetszahl des Polymeren innerhalb einer 
Kurve, d»e die Fre.setzungsrate der biologisch akliven Verbindung mil der logarHhmischen Viskosrtatszahl korre- 
hert, dergestalt gewahlt wird. daB die Freisetzungsrate mit Zunehmen der logarithmischen viskosrtatszahl des 
Polymeren abmmmt, bis eine minimale Freisetzungsrate bei einem Wert von 0.2 dL7g erhaften wird und dann die 
Freisetzungsrate mit fortgesetzer Zunahme der logarithmischen Viskosrtatszahl des Polymeren zunimmt wobei 
das Minimum der Auftragung bei einer logarithmischen Viskosrtatszahl von 0,2 dUg liegt 

Zusammensetzung gemaB Anspruch 5, wobei die logarithmische Viskosrtatszahl so gewahlt wird, daB sie grOBer 
als mmdestens 0.2 dUg ist und eine hohere logarithmische Viskositatszahl zu einer schnelleren Freisetzungsrate ' 
fuhrt. 



7. 



Zusammensetzung gemaB Anspruch 1. wobei das Polymer aus der Polylactide. Polyglycoiide, Polycaprolactone 
Polyanhydnde. Polyam.de. Polyurethane. Polyesteramide. Polyorthoester. Polydioxanone. Polyacetale. Polyketale! 
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F^lyrarbonate. Polyorthocarbonate, Polyphosphzene, Polyhydroxybutyrate. Polyhydroxyvalerate. Polyalkylenoxa- 
late Polyalkylensuccinate. Poly(aminosauren) und Copolymer* Terpolymere, und Kombinationen oder Mischun- 
gen davon umfassenden Gruppe gewShlt wird. 

8. Zusammensetzung gemaB Anspruch 7. wobei das thermoplastische Polymer Polylactid. Polyglycolid Polycapro- 
lacton oder e.n Copolymer oder jedwede Kombination von Uctid. Glycolid Oder Caprolacton ist. 

9 ' SSUSTS 2 T 9 -^i S A Tl!* 7 ' d3S Mo ^geWi<M °es Polymeren dergestalt ist. daB es eine log- 
arrthmischeyiskosilatS2ahl2wischenetwa0.2.undO,5diygbes'rtzt 

1 0. Zusammensetzung gemaB Anspruch 1 . wobei das Losemfttel aus der N-Methyl-2-pyrrolidon. 2-Pyrrolidon Aceton 
SSS^rSSST- E T C 1 l Meth * acetat - Methytethylketon. Dime%Kormimid. dhJ^Jui S 
thyteulfon Tetrahydrofuran, Propylencarbonat, Caprolactam. Decylmethyteulfoxid. Olsaure. N.N-Diethyl-m-tolua- 

is wird 1 - Dodecy,azacyclohe P tan - 2 - on und Kombinationen und Mischungen davon bestehenden Gruppe gewahlt 

11. Zusammensetzung gemaB Anspruch 1 , wobei das Losemitiel aus einem LOsemittelgemisch eines erslen losemit- 

, l dym " en in der ist, und einem zweiten L6semittel. welches ein schlechtes 
20 oS n V, ,St ' ? Steht W0b8i d3S " Sto md d3S l - osemittel - dem L6semitte.gemisch der- 

SIT V9 H^ r? r ': e9en - da8 das Po, y mer darin l6slich * so daB das Polymer aus der flussigen 
Zusammensetzung be.m Kontakt m.t einem waBrigen Medium oder mit Korperflussigkeit prazipitiert 

'^.ITpr^ 

1 3. Zusammensetzung gemaB Anspruch 1 , ferner eine porenbildende Substanz umtessend. 

14. Thennoplastisches Polymersystem. welches als an Implantat mrt regulierter Freisetzung geeignet ist. umfassend: 

eine teste mikroporose Matrix, die durch den Kontakt zwischen einem waBrigen Medium oder Korperflussig- 
tert und ener fluss.gen Zusammensetzung eines pharmazeutisch annehmbaren. bioabbaubaren, thermopla- 
shschen Polymeren. das in Wasser oder K6rperfl0ssigkeiten unl6slich ist. gebildet wird. 

ein pharmazeutisch annehmbares. die Rate modifizierendes Mittel, das aus der einen Ester einer Mono- Di- 
SLIT^Tk 6 ; e ' nen ^ lyhydrOXya,kobo1 - *» Fetts ^- Ester von Glycerin, ein Sterol und einen 
w£ rZ£J?f* aU ! SCh " e6end ^y^^VOOl und Polypropyienglycol. unissenden Gruppe gewanJ 
!SrSS25!. ZU t SyStemS - 6620960 auf daS G "*»* eine biol °9 {sch akth,e VertLung 

SpeSeroarT ° rgan,SCh6S Los6rnrt,el ' das mi » Wasser oder K6rperf lussigkeiten mischbar oder darin 

1 ^ JeSSfn ^T° h k 4 ' di6 Konzentration *■ die Pate modif izierenden Mittels wirksam ist. urn 
die Freisetzungsrate der b.olog,sch aktiven Verbindung aus der Matrix zu vemngern. 

16 ' 2t? rSy f 6m 9en ? 6 AnSDmCh U> WObei die l0 9 ar * h ^is*e Viskositatszahl des themioplastischen Polymeren 

Z^urtZT/TT 95 ^™ 09 ^ ^ Vert,indun9 aus dem ein MinimumTu vj- 

nngern und dann die Freisetzungsrate zu erh&hen. 

17 ' Molekulamewicht des thermoplastischen Polymeren und die 

? 1 £ w 3,6 modrfE,erenden Mitlels *W«m sind. urn die Rate und das AusmaB der Frei- 
setzung der biologisch akt.ven Vemindung aus der Matrix zu regulierea • 

18 " ^hl Sy fn em Ma,rix einen Kern und eine Haut "einhaltet. wobei der Kern Poren 

Ziehen 10 und 500 ,m ,m Durchmesser autweist und die Haut Poren von 0.01 bis 0.1 pm im Durchmesser 

19 ' ^'^^3^ l\ :° Dei ^ * er ™P' as *^ Polylactid. Polyglycolid. Polycaprolac- 

ton oder e.n Copolymer jedweder Komb.nation von Lactid. Glycolid oder Caprolacton ist 
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20. Polymersystem gemSB Anspruch 14. ferner eine porenbildende Substanz beinhaltend. 

21. Flussige Zusammenselzung. unrtfassend ein pharmazeutisch annehmbares. bioabbaubares. Ihermoplastisches 
Polymer, welches in Wasser oder Kerperflussigkeiten unloslich ist ein biokompatibles organisches Losemtttel wel- 
ches mit Wasser oder Kerperflussigkeiten mischbar oder darin dispergierbar ist, ein pharmazeutisch annehmba- 
res. die Rate modifizierendes Mittel. gewahtt ausder einen Ester einer Mono-. Di- oder Tricarbonsaure einen 
Polyhydroxyalkohol. eine Fettsaure, einen Ester von Glycerin, ein Sterol und einen hoheren Alkylalkohol ausschlie- 
Bend I Polyethylenglycol und Polypropylenglycol. umfassenden Gruppe. umfassend bis zu etwa 15Gewichtsprozent 
des Systems, und eine biologisch aktve Verbindung. zur Verwendung als ein bioabbaubares. mikroporoses 
Implantal mit verzOgerter Freisetzung im Korper. 

22. Zusammenselzung gemaB Anspruch. 21. wobei die Konzentration des die Rate modffizierenden Mittels wirksam 
ist. urn die Freisetzungsrate der biologisch aktiven Verbindung aus dem Implantat zu veningern 

23. Zusammenselzung gemSB Anspruch 21 , lerner eine porenbitdende Substanz einschlieBend. 
Revindications 

1- Composition liquide appropriee a la formation dun implant a liberation contr6lee pour utilisation dans le corps dun 
patient, comprenant: H 

a) un polymere thermoplastique biodegradable, pharmaceutiquement acceptable, qui est insoluble dans I'eau 
ou les liquides corporels; 

b) un solvant organique qui est miscible a Teau ou aux liquides corporels. ou dispersable dans ceux-cr 

c) un agent modificateur de vitesse pharmaceutiquement acceptable, choisi dans le groupe constitu6 par un 
ester d'un ac.de mono-, di- ou tricarboxylique. un alcool polyhydroxyle, un acide gras. un ester de glyc6ro! un 
sterol et un alcool alkyl.que superieur; et a I exclusion du polyethyleneglycol et du polypropyleneglycol- et 

d) une substance biologiquement active. ' 

2. Composition liquide selon la revendication 1. dans laquelle Pager* modificateur de vitesse est plus hydrophobe que 
le solvant organique. 

3. Composition selon la revendication 1. dans laquelle I'agent modificateur de vitesse est choisi parmi I'heptanoate 
d6thyle.le glycerol, le citrate de diethyls et le citrate detriethyle. 

4. Composition selon la revendication i , dans laquelle la masse moleculaire du polymere est telle qull a une viscosite 
mherente infeneure a environ 0.8 dl/g. . vis^usne 

5. Composition selon la revendication 4. dans laquelle la viscosite inherente du polymere est choisie a partir dune 
cou.be qu. met en conelation la vitesse de liberation du compose biologiquement actif avec la viscosite inherente 
de sorte que la vrtesse de liberation diminue avec une viscosite inherente croissante du polymere jusqu'a Pobten- 
t,on dune vrtesse de liberation minimale a une valeur de 0,2 dl/g et ensurte la vitesse de liberation augmente a 
mesure que s accrort encore la viscosite inherente du polymere. le minimum de la court* se situant a une viscosite 
mnerente de 0,2 dl/g. 

6. Composition selon la revendication 5. dans laquelle la viscosite inherente est choisie de maniere a etre superieure 
a au mo.ns 0.2 dl/g. et une v.scosite inherente superieure donne une plus grande vitesse de liberation. 

7. Composition selon la revendication 1 . dans laquelle le polymere est choisi dans le groupe constitue par des poly- 
acbdes. polyglycohdes. polycaprolactones. polyanhydrides. polyamides. polyurethannes. polyesteramides polyor- 
^! rS " p ° , ^ ,oxannones - Polyacetals. polycetals. polycamonates. polyorthocart>onates. polyphosphazenes 

polyhydroxybutyrates. polyhydroxyvalerates. polyalkylene^xalates. polyalkylenesuccinates. poly(amino-acide)s ei 

des copolymers, terpolymeres et associations ou melanges deceux-d. 

8. Composition selon la revendication 7. dans laquelle le polymere thermoplastique est un polylactide. un polyglyco- 
hde. une polycaprolactone ou un copolymere ou une association quelconque de lactide. glycolide ou caprolaclone. 



Composition selon la revendication 7. dans laquelle la masse moleculaire du polymere est telle qull 



a une viscosite 
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inherente comprise entre 0.2 et 0,5 dl/g. 

1 0. Composition selon la revendication 1 , dans laquelle le solvant est choisi dans le groupe constitue par la N-methvl- 
2-pyrrolidone. la 2-pyrrofidone, I'acetone. I'acide acetique. facetate d'ethyle. le lactate d'ethyle. I'acetate de 
methyle. la methylethylcetone, le dimethytformamide. le dimethylsulfoxyde. la dimethylsulfone. le tetrahydrofu- 
ranne. le carbonate de propylene, le caprolactame. ledecylmethylsulfoxyde. I'acide oleique. le N,N-diethyl-m-tolua- 
mide. la 1 -dodecylazacyctoheptane-2-one. et des associations et melanges de ceux-d 
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Composition selon la revindication 1. dans laquelle le solvant se compose d'un melange de solvants constitue d'un 
prerraer solvant qui est capable de dissoudre le polymere et d'un second solvant qui est un mauvais solvant pour 
le polymere. ledH premier solvant et ledH second solvant etant presents dans le melange de solvants en un rapport 
tel que le polymere est soluble dans celui-ci, de sorte que le polymere est precipite a partir de la composition 
liquide tors du contact avec un liquide corporel ou milieu aqueux. 

12. Composition selon la revendication 11. dans laquelle le polymere est un polymere de lactide et le second solvant 
est I'ethanol ou le propyleneglycol. 

13. Composition selon la revendication 1, comprenant en outre une substance porogene. 

2t> 1 4. Systeme polymere thermoplastique. approprie en tant qu-implant a liberation programmee. comprenant 

une matiere de support solide microporeuse, formee par contact entre un milieu aqueux ou un liquide corporel 
et une composition liquide d'un polymere thermoplastique biodegradable pharmaceutiquement acceptable qui 
est insoluble dans feau ou les liquides corporels. un agent modificateur de vitesse pharmaceutiquement 
25 acceptable, choisi dans le groupe constitue par un ester d'un acide mono-, di- ou tricarboxylique. un alcool 

polylTydroxyle. un acide gras. un ester de glycerol, un sterol et un alcool alkylique superieur; et a rexclusion du 
polyetnyleneglycol et du polypropyleneglycol. constituant jusqua environ 15% en poids du systeme; un com- 
pose biologiquement actif et un solvant organique biocompatible qui est miscible a leau ou aux liquides cor- 
porels, ou dispersable dans ceux-ci. 

30 

15. Systeme polymere selon la revendication 14. dans lequel la concentration de I'agent modificateur de vitesse est 
efficace pour dimmuer la vitesse de liberation du compose biologiquement actif a partir de la matiere de support 

16. Systeme polymere selon la revendication 14. dans lequel la viscosite inherente du polymere thermoplastique est 
efficace pour reduire a un minimum la vitesse de liberation du compose biologiquement actif a partir de I'implant et 
ensuite augmenter la vitesse de liberation. ~ 

17. Systeme polymere selon la revendication 14; dans lequel la masse moleculaire du polymere thermoplastique et la 
concentration en poids de I'agent modificateur de vitesse sont eff fcaces pour regler la vitesse et le degre de libera- 
tion du compose biologiquement actif a partir de la matiere de support 

18. Systeme polymere selon la revendication. 14. dans lequel la matiere de support comprend une parte centrale et 
une enveloppe. la part e centrale ayant des pores de diametre compris entre 1 0 et 500 jim et Tenveloppe ayant des 
pores de 0,01-0,1 urn dediametre. 

19. Systeme polymere selon la revendication 14. dans lequel le polymere thermoplastique est un polylactide un poly- 
glycoWe. une polycaprolactone ou un copolymere ou une association quelconque de lactide. glycolide ou capro- 

20. Systeme polymere selon la revendication 14. comprenant en outre uhesubstance""porogene. 

21. Composition liquide comprenant un polymere thermoplastique biodegradable, pharmaceutiquement acceptable 
qu. est insoluble dans I'eau ou les liquides corporels. un solvant organique biocompatible qui est miscible a reau 
ou aux guides corporels ou dispersable darts ceux^i. un agent modificateur de vitesse pharmaceutiquement 
acceptable, chas, dans le groupe constitue par un ester d'un acide mono-, di- ou tricaiboxylique. un alcool polyhy- 
droxyte, un acde gras. un ester de glycerol, un sterol et un alcool alkylique superieur; et a 1'exclusion du polyelhy- 
leneglycol et du polypropyleneglycol. constituant jusqua environ 15% en poids du systeme. et un compose 
biolog.quement actif. pour utilisation en tant quimplant microporeux biodegradable a liberation prolongee dans le 
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corps d'un patient 



22. Composition selon la revendication 21, dans laquelle la concentration de I'agent modrficateur de vitesse est effi- 
cace pour diminuer la vitesse de liberation du compose biologiquement actrf a partir de llmplant. 

23. Composition selon la revendication 21, comprenant en outre une substance porogene. 
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